: - : 

o 
ru 

bi 
s 



TRANSLATION 

PATENT BUREAU OF JAPAN 
OFFICIAL GAZETTE FOR UNEXAMINED PATENT 
Japanese Patent Application Publication Kokai: JP62-133937 
Publication Date: June 17th, 1987 
Number of Inventions: 1 

Requested for Examination: (Not yet requested) (Total 4 pages) 
International Class Intrabureau No, 

A 61 B 5/14 7916-4C 
G 01 N 27/30 D-7363-2C 

J-7363-2C 

Title of the Invention: Percutaneous Sensor 

Application No. : 60-271510 (85-271510) 

Field Date: December 4, 1985 

Inventors: Yoshio Watanabe 

c/o Central Laboratory, Hitachi Seisakusho KK, 280 banchi, 
1-chome, Surugadai, Kanda, Chiyoda-ku, Tokyo 

Applicant: Hitachi Seisakusho KK 

Patent Attorney: Katsuo Ogawa, et al. 



1 



Specification 

Title of Invention: Percutaneous Sensor 
Clfrimg 

1. A percutaneous Sensor characterized as follows; 
For enzyme electrodes containing a polarography electrode to 
measure oxygen or hydrogen peroxide and an immobilized oxidase 
group enzyme, the electrodes are constructed to be able to be 
attached to skin and the area, at which it reacts with the 
materials in the perspiration oozing out being measured, of said 
immobilized enzyme membrane, is 0.5 - 100 cm 2 . It has a 
collection of micro electrodes, consisting of cathodes of oxygen 
electrodes or anodes of hydrogen peroxide electrodes, having a 
reacting surface of 1 x 10*" 4 - 100 mm 2 . It has a form which 
scatters over the whole surface of the polarography electrode, 
consisting of anode, cathode, and insulator, 

2 . As in Claim 1, the electrodes are constructed to be able to be 
attached to skin, and have a skin heating unit as a diaphoresis 
means. They have a area, at which it reacts with the materials 
contained in the exuded perspiration being measured. It is 
composed of said immobilized enzyme membrane having an area of 
0.5 - 100 cm 2 and a collection of micro electrodes, consisting of 
anodes of oxygen electrodes or cathodes of hydrogen peroxide 
electrodes, having a reacting surface of 1 x 10~ 4 ~ 100 mm 2 . It 
has a form which scatters over the whole surface of the 
polarography electrode consisting of anode, cathode, and 
insulator. 



3 . As in Claim 1 or Claim 2, a percutaneous sensor characterized 
by a glucose sensor, whose enzyme electrodes consist of 
polarography electrodes to measure oxygen or hydrogen peroxide, 
immobilized glucose oxidase membrane, and reducible material 
removing membrane . 

[Effective Fields of Invention] 

The present invention relates to biochemical sensors. More 
particularly, the present invention pertained to a glucose 
measuring apparatus, which measures glucose in the body from the 
body surface non-invasively , or through the use of a percutaneous 
sensor which is suitable for diabetes treatments such as 
artificial pancreas. 

[Background of Invention] . 

Conventionally, either a method by which a glucose sensor is 
inserted into the blood vessel, into tissue (Tokkyo Koho 59-893 9, 
.Tokkyo Koho 59-8969, Tokkyo Koho 59-14843, and Tokkyo Koho 59- 
14857), or a method by which a sensor is attached to blood guided 
out from a living body by a catheter inserted to blood vessel 
(Tokkyo Koho 52-135599, Tokkyo Koho 54-82885) are used to 
continuously measure glucose concentration in a living body. 
Further, intermittent glucose concentration measurements have 
been performed by means of a sensor after phlebotomizing. These 
methods are very useful methods, used to analyze glucose 
concentration in blood (blood sugar level) and to maintain a 



normal blood sugar level of diabetes by diet treatment, exercise 
treatment, and insulin treatment. On the other hand, they are 
problematic because of infection, physical and psychological 
pain, loss of blood, the efficiency deterioration of a sensor by 
conglutination of living body compositions, and lack of 
information by intermittent measurements. 

[Purpose of Invention] 

The purpose of this invention is to furnish a percutaneous sensor 
which lessens a patient's burden by measuring his glucose 
concentration in his living body from the surface of the skin 
without penetrating the skin itself . 

[Detailed Description of Invention] 

On an empty stomach, the blood sugar level goes up in a sugar 
load test via mouth, and then the blood sugar level drops down as 
a result of insulin secreted from the pancreas . When a sugar 
load test via mouth was performed during perspiration, the blood 
sugar level and glucose concentration in the perspiration 
exhibited a similar pattern as in up and down variation with 
time, but the glucose concentration in sweat was 3/1000 of the 
blood sugar level. That is to say, glucose concentration of a 
healthy man shows 0.2 - 0.3 mg/dl during an empty stomach, going 
up to 0.45 mg/dl at 60 minutes after sugar loading, and returning 
to the level at the empty stomach two hours later. This is 
described in details in a paper titled "Glucose Variation in 
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Perspiration during Sugar Loading Test" appearing in a magazine 
"Diabetes" , Number 11, Vol. 28 (1989). 

Glucose concentration in a living body can be measured 
percutaneously by measuring glucose concentration in 
perspiration. However, the glucose concentration in parspiration 
is extremely lower than that of blood sugar; consequently, a 
conventional method by which a glucose electrode attached to the 
surface of a living body, can not detect glucose concentration in 
ca. 3/1000 of blood sugar level. Therefore, the reactive surface 
of electrodes, namely the cathode, was set up for an oxygen 
electrode; the anode, for a hydrogen peroxide electrode and was 
widened as much as possible, while remaining attached to the 
surface of a living body. The electrodes, which consume 
materials, were installed at various places of the surface of the 
polarography electrode. Further, said anode and cathode were 
formed to scatter over the surface of the polarography electrode 
as a collection of microelectrodes , to reduce the noise from the 
dark current, which is proportional to the total area of said 
anode and cathode, and improve the S/N ratio. 

Figure 1 shows an example of an outline of a cross-sectional view 
of the percutaneous glucose sensor composition and explains the 
percutaneous sensor action by using glucose as an example. 
The percutaneous glucose sensor is composed with Platinum 
electrodes 1, a Silver electrode 2, Insulating material 3, Porous 
material 4, Immobilized glucose oxidase Membrane 5, Reductive 
material removing membrane 6, Electrolyte 7, a Temperature sensor 
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8, Heater 9, Good conductor of Heat 10, Adiabatic material 11, 
and Lead lines 12, 13, 14 and attached on Skin 15. Diaphoresis 
is promoted by means of the heating unit of Skin 15 composed 
Temperature Sensor 8, such as thermistors, Heater 9, Good 
Conductor of heat 10, and Lead lines 13 and 14, but is not needed 
when a whole body is perspiring by heat from exercising or a 
whole body heating. The perspiration oozing out is absorbed with 
the Porous Material 4 and returned so that new perspiration can 
be always kept on the surface of the glucose sensor. As a 
result, the variation of glucose concentration proportional to 
the blood sugar level can be measured with the glucose sensor 
and, the blood sugar level can be detected without invading the 
body. 

The glucose sensor is composed of Platinum electrodes 1, a Silver 
electrode 2, Insulating material such as epoxy resin 3, 
Immobilized glucose oxidase membrane 5, Reducible material 
removing membrane 6, Electrolyte 7, and a Lead line 12. The 
glucose is converted into electric current by the following 
steps.. First, the glucose (C s H 12 0 6 ) of the perspiration contained 
in the porous material 4, oxygen, and water produce gluconic acid 
~<C c H 13 0,) and hydrogen-peroxide. -(H 2 0 2 ) , by -the work of an enzyme, 
according to the following chemical reaction. 

C 6 H 12 O s + 0 2 + H a O -» C 6 H l2 0 7 + H 2 0 2 ( 1 ) 

With a polarography electrode, glucose concentration can be 
analyzed by measuring the hydrogen peroxide emitted, or by oxygen 
consumed. The material removing membrane 6 removes interfering 



aerials such as urea, ascorbic acid. etc.. at the same time, 
passing through materials related to the measurement. 
T0 employ the hydrogen peroxide electrode, a platinum electrode 1 
is used as the anode and a silver electrode is used as the 

nf n fi . 0 BV is applied between two 
cathode, and a voltage of 0.6 0 . bv is 

electrodes . 

0„ the anode, hydrogen peroxide is oxidized as follows. 

' (2) 

2H 2 0 2 -* 4ST + 20 2 +. 4e- 

0 n the cathode, oxygen is reduced according to the following 

formula , 

4H, - H, -» 2H 3 0 S - 4e- «> 

T o employ the oxygen electrode, the platinum electrode 1 is used 
as a cathode and the silver electrode is used as an anode. 
On the anode, silver is oxidized according to the following 
formula, 

4Ag + 4C1- -* 4AgCl + 4e- (4) 

On the cathode, oxygen is reduced as follows, 

0 2 + «T 2H 2 0 2 - 4e- (acid) • • • < 5 > 

0s * 2H 2 Q -> 4H- - 4e- (alkali) <*> 

A ccordingly, current value proportional to glucose concentration 
in perspiration can be obtained by either the hydrogen perox.de 
type glucose sensor or the acid type glucose sensor. Further, 
since the variation of the oxygen partial pressure in a living 
body will produce an error for the acid type glucose sensor, xt 
must be eliminated. 

Also, since it is thought that the perspiration value and the 
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blood level of organic materials other than glucose, such as 
lactic acid, pyruvic acid, uric acid, etc. can vary corresponding 
to each other, they can be measured by the enzyme electrode 
percutaneously in the same way as for the glucose. 

[Examples of Invention] 

Examples of the present invention are described in detail by 
means of drawings. These examples are cross sections of a 
percutaneous sensor, according to the present invention, at the 
drawing S viewed from the body surface side. 

Figure 2 is a cross section of a percutaneous sensor according to 
the present invention. The cross section indicates that Platinum 
electrodes 1, a Silver electrode 2, and Insulation material 3 are 
arranged in the electrodes of the surface of the polarography 
electrode and said electrode surface are surrounded with a heat 
insulator 11. The materials reaching to the electrodes 16 from 
the skin side to be consumed will be consumed with the platinum 
electrode 1 regardless of whether the polarography is a hydrogen 
peroxide type or an oxygen type . According to the present 
exairqple, the S/N ratio is excellent and the objective material 
being measured-can, be -.converted into electric current effectively 
since the platinum electrodes 1 are arranged, in a large numbers, 
in an infinitesimal round form at the electrode face 16 and are 
scattered over a wide area of said electrode face 16. Figure 3 
is a cross section of another example of the percutaneous sensor 
according to the present invention. Names of the each parts are 
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same as in Figure 2. Platinum electrodes 1 are scattered only 
inside' of the silver electrode 2 in Figure 2, but the platinum 
electrodes 1 in Figure 3 are scattered in an infinitesimal, round 
form over the outside of the silver electrode 2 . 
For the above examples, the material -of the platinum electrodes 
can be not only platinum but gold or iridium as well. 
Furthermore, the types of biochemicals for the sensor can be 
organic materials other than glucose, such as lactic acid, 
pyruvic acid, uric acid, etc. The bio-optical sensors can be 
used not just one unit but multiple units, which may be 
accumulated and installed into one percutaneous sensor. 

[Effects of Invention] 

According to the present invention, since glucose in a living 
body can be measured with a simple method from the surface of the 
body non-invasively, the infections, psychological and physical 
pain of patients, and loss of blood can all be eliminated. 
-Furthermore, since blood or living body tissue do not stick to 
the sensor, the longevity of the sensor is very good and glucose 
can be measured continuously for a long period of time. 
Furthermore, the blood sugar level can be maintained at normal 
levels by monitoring the glucose concentration constantly, 
complications resulting from high blood sugar or accidents 
resulting from low blood sugar can be avoided. It can be also 
used as a sensor for blood sugar measurement equipment or 
artificial pancreas. 



Brief Description of Figures. 

Figure 1 shows a cross section of the percutaneous glucose 
sensor. Figures 2 and 3 show cross sections of actual examples 
of polar ography. electrodes. 

1 ... Platinum Electrode, 2 . . . Silver Electrode, 3 ... 
Insulation Material, 4 ... Porous Material, 5 ... Immobilized 
glucose oxidase membrane, 6 ... Interference Material Removing 
Membrane, 7 ... Electrolyte, 16 . . . Polarography Electrode 
Cross Section. 
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